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ABSTRACT Industrial	placer	gold	mining	creates	specific	montane	relief	shapes.	The	character	
of	these	landforms	is	influenced	by	the	mining	technology	used,	the	management	of	the	site	and	
mining	area,	the	organization	of	the	work	and	the	subsequent	measures	after	the	termination	
of	mining.	Available	classifications	of	known	landforms	can	also	be	partially	applied	to	shapes	
created	during	placer	gold	mining.	Field	research	was	conducted	on	gold-bearing	fields	in	the	
upper	courses	of	the	Indigirka	and	Kolyma	rivers.	Drawn	and	photographic	documentation	of	
sample	landforms	was	obtained,	and	their	dimensions	were	ascertained,	or	their	genesis	was	
observed.	The	landforms	found	often	differ	in	character	and	size	from	shapes	known	from	other	
raw	material	mining	and	industrial	gold	panning	sites.	The	mining	landforms	created	during	
the	industrial	panning	of	gold	in	Siberia	are	documented	by	drawings	according	to	the	facts	
found	during	the	field	research.	The	text	presents	their	basic	differences	from	the	hitherto	
known	landforms.
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1. Introduction

Placer	mining	is	the	main	method	of	extracting	gold	grains	from	secondary	de-
posit	materials.	This	has	been	the	case	since	ancient	times,	when	humans	realized	
the	high	exchange	value	of	this	metal.	In	many	countries	around	the	world,	this	
method	of	gold	mining	has	been	used	for	a	long	time.	Its	origins	can	be	traced	
back	to	the	mid-19th	century	during	the	California	Gold	Rush.	At	that	time,	 it	
became	evident	that	artisanal	(small	manual)	gold	washing	from	unconsolidated	
sediments	done	by	individuals	or	small	groups	of	miners	is	not	as	effective	as	
large-scale	washing	of	deposits	with	the	help	of	machines.	The	machines	mainly	
replaced	manual	work	when	mining	and	transporting	the	rocks	and	during	the	
actual	washing	with	pumps	driven	by	water	jets.	In	this	way,	it	was	possible	to	
process	a	large	amount	of	material	in	a	relatively	short	time,	although	not	all	the	
metal	was	obtained	from	the	sediments.	However,	this	method	of	mining	also	led	
to	the	production	of	a	large	amount	of	waste	tailings,	which	had	to	be	stored	in	
a	suitable	place	or	handled	further.	Characteristic	forms	of	relief	are	created	both	
during	the	mining	of	gold-bearing	rock	and	during	the	deposit	of	waste	tailings.

Industrial	gold	panning	is	currently	practiced	in	a	number	of	countries	around	
the	world,	but	mostly	in	locations	far	from	population	centres.	Such	conditions	are	
found	regions	where	extreme	natural	characteristics	limit	other	human	economic	
activities.	Examples	are	areas	with	permafrost	(Russia,	Canada,	Alaska),	tropical	
rainforests	(Brazil,	Peru)	or	extremely	arid	areas	(Australia,	Inner	Mongolia	in	
China	–	there	are	problems	with	securing	sufficient	volumes	of	water),	where	
gold-bearing	sediments	of	diverse	origin	and	age	are	available.	Although	it	is	not	
possible	to	determine	from	the	available	information	the	share	of	gold	from	placer	
mining,	it	can	objectively	be	assumed	that	gold	washing	affected	large	parts	of	the	
earth’s	surface,	probably	larger	than	underground	mining,	open	air	mining	in	
quarries	of	hard	gold-bearing	rock	and	the	impacts	of	chemical	leaching.	China	
(380	tons	of	gold)	was	at	the	forefront	of	current	mining	(in	2020),	followed	by	
Australia,	Russia	(300	tons)	and	the	United	States	(Garside	2021).	Gold	production	
in	Russia	has	been	growing	continuously	in	the	last	decade	(2020	−	300	t,	2019	–	
305	t,	2015	–	242	t,	2010	–	192	t,	see	Garside	2021).

However,	it	should	be	noted	that	data	vary	from	source	to	source	(see	Metals	
Focus	in	World	Gold	Council	2020).	The	overall	world	boom	in	gold	mining	was	
triggered	by	the	economic	crisis	in	2008.	The	growth	of	mining	in	Russia	can	also	
be	attributed	to	a	defensive	response	to	economic	sanctions	by	the	US	or	the	EU	
after	the	annexation	of	Crimea	in	2014	(Grove	2017).	In	addition	to	the	growth	of	
production,	the	impacts	on	the	natural	environment	also	increased.	The	range	of	
areas	affected	by	opencast	gold	mining	has	increased	by	400	to	600%,	depending	
on	the	region	(Asner	et	al.	2013),	as	documented	by	an	analysis	of	satellite	images.	
So	far,	it	has	not	been	possible	to	separate	the	effects	of	large-scale	industrial	



 ThE LANDFORmS ASSOCIATED WITh INDUSTRIAL PLACER GOLD mINING IN SIBERIA 33

placer	mining	from	small-scale	individual	mining.	Small,	artisanal	placer	gold	
mining	 is	common	 in	developing	countries	 in	Africa	and	Latin	America	 (e.g.	
Ghana:	Aryee,	Ntibery,	Atorkui	2003;	Sudan:	Addy	1998,	Ille	2019;	Benin:	Grätz	
(2003);	Burkina	Faso:	Luning	2008;	Great	Lakes	region	of	East	Africa:	Macháček	
2018;	Bolivia	and	Peru,	Philippines,	Cambodia,	India,	etc.)	However,	it	is	far	more	
inconspicuous	than	large-scale	mining	and	is	often	carried	out	illegally	in	secret,	
and	is	currently	even	an	attractive	sport	(e.g.	Finland,	Sweden,	outside	traditional	
mining	countries).

2. Landforms originating in the course of placer gold mining

Regardless	of	the	scale,	intensity	and	extent	of	placer	gold	mining,	vast	volumes	of	
rock	need	to	be	displaced.	Industrial	placer	gold	mining	is	gradually	changing	from	
a	yield	of	4	g	Au/t	raw	material	to	1	g	Au/t	(according	to	personal	communication	
at	the	mining	site,	cf.	Golubova	2017).	This	means	that	such	washing	of	rock	is	also	
effective	when	only	1	g	of	gold	is	obtained	from	1,000	kg	of	rock,	i.e.	one	millionth	
of	the	weight	of	the	processed	raw	material.	In	this	respect,	gold	mining	from	ore	
veins	is	more	efficient,	where	the	concentrations	of	metal	in	the	rock	locally	are	
many	times	higher.	However,	placer	mining	is	technologically	and	organization-
ally	less	demanding,	similar	to	prospecting	and	opening	bearings.

Sedimentary	gold	deposits	were	formed	as	secondary	concentrations	of	small	
and	large	corns	of	gold	released	from	gold-bearing	hard	rock.	These	rocks	were	
formed	under	 suitable	 geochemical	 and	 geophysical	 conditions,	 often	 at	 the	
contact	of	magmatic	intrusions	into	older	rock	massifs.	Later	they	succumbed	to	
weathering	(solution	and/or	decay).	The	mineral	gold,	together	with	the	weather-
ing	products,	underwent	fluvial	transport	and	sedimentation	in	places	of	decrease	
in	the	transportation	force	of	the	watercourse.	The	most	intense	weathering	lead-
ing	to	the	formation	of	current	sedimentary	gold	deposits	probably	took	place	in	
warm	and	humid	climates	(in	the	Paleogene	and	Neogene	–	for	deposits	in	cur-
rent	geographic	higher	latitudes),	while	in	the	Pleistocene,	there	were	frequent	
repeated	transports	and	deposits	(Englehardt	et	al.	2015).	However,	under	suitable	
conditions,	weathering	products	enriched	with	inert	gold	could	remain	in	situ.	
Sedimentary	gold	deposits	formed	in	ancient	geological	periods	may	have	un-
dergone	metamorphosis,	so	gold	may	also	occur	in	metamorphic	rocks,	although	
gold-bearing	mineralization	may	have	also	taken	place	in	other	ways.

Specific	 landforms	arise	during	both	underground	and	open	air	gold	min-
ing.	The	landforms	created	by	underground	gold	mining	are	very	similar	to	the	
shapes	created	by	underground	mining	of	other	ores,	notwithstanding	the	smaller	
volumes	of	displaced	rock	by	gold	mining	compared	with	those	which	originated	
by	mining	the	ores	of	more	abundant	metals,	unless	gold	is	 just	a	by-product	
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in	addition	to	other	metals.	Placer	gold	mining	leads	to	the	genesis	of	different	
forms.	However,	the	volume	of	displaced	rock	can	be	many	times	larger	here.	
Macháček	(2018,	2019)	describes	the	landforms	created	during	small	(artisanal)	
gold	washing.	Anthropogenic	relief	forms	created	during	industrial	placer	mining	
are	widely	mentioned	or	visually	documented	in	publications	(see	Bond,	van	Loon	
2017,	2018;	Casselman,	ed.	2018;	Lacy	2019;	etc.),	but	their	description	and	possible	
interpretation	of	genesis	and	classification	is	not	paid	attention	to.

There	is	a	large	space	devoted	to	mining	landforms	in	the	geomorphological	
literature.	Mining	(montane)	activities	result	in	montane	landforms.	According	to	
their	genesis	and	appearance,	they	are	divided	into	the	following	classes:	(1)	convex	
(negative,	excavated,	dug);	(2)	concave	(positive,	piled,	accumulated);	(3)	aligned	
(planar,	destroyed,	smoothed,	levelled),	as	distinguished	by	Zapletal	(1969),	Demek	
(1984),	Osipov,	Gurov	(2018)	and	Dávid	(2010).	Another	view	of	montane	land-
forms	is	represented	by	the	classification	according	to	their	dimension	(Dávid	
2010)	into	macro-,	meso-	and	micro-shapes.	Although	specific	numbers	are	not	
unambiguously	assigned	to	them,	the	dimensions	can	be	designed	as	follows:	
megaforms	(n.102	ha	and	more),	macroforms	(max.	n.101	ha),	intermediate	forma-
tions	(max.	n.100	ha)	and	microforms	(less	than	1	ha).	This	whole	range	of	forms	
of	different	sizes	can	be	distinguished	on	a	single	object.	Considerable	attention	is	
paid	mainly	to	convex	landforms,	which	in	mining	landscapes	significantly	shape	
the	appearance	of	the	territory.	The	most	common	are	heaps:	conical,	ridge,	ter-
raced	and	plateau/flat	(Zapletal	1969;	Havrlant	1980;	Demek	1984;	Sütö	2010;	Dávid	
2010;	Kirchner,	Smolová,	2010).	Slope	heaps	(Havrlant	1980;	Kirchner,	Smolová	
2010),	humped	(Sütö	2010)	and	truncated	cones	(Zapletal	1969,	Dávid	2010)	are	
far	less	common.	While	heaps	can	reach	a	variety	of	sizes	and	are	a	manifestation	
of	the	industrial	extraction	of	raw	materials,	artisanal	extraction	predominantly	
produces	microforms.	Examples	are	seen	with	spoil	heaps	after	panning	for	metals	
and	gems.	Concave	shapes	often	associate	territorially	and	form	heap	complexes	
(Havrlant	1980)	or	spoil	heap	fields	(Demek	1984).

Negative	landforms	are	created	both	by	mining	raw	material	and	by	purpose-
ful	excavation	or	modification	of	objects	for	material	storage,	most	often	sludge	
decanter	and	wastewater	retention.	In	solid	rock,	quarries	or	pits	are	formed	by	
mining	(stone),	in	loose	rocks,	gravel	pits,	sand	pits	or	loam	pits	are	formed	accord-
ing	to	the	mined	material	(see	Kirchner,	Smolová	2010).	Industrial	ponds	(mine	
ponds,	for	water	retention	for	various	purposes,	in	the	case	of	placer	directly	
for	mining	purposes)	and	sludge	ponds	(decanting	plants,	for	sedimentation	and	
storage	of	fine	material	from	process	water,	which	cannot	be	discharged	directly	
into	natural	waters)	are	created	spontaneously	with	later	treatment	or	as	planned	
water	objects).

Aligned	montane	landforms	are	created	both	by	removing	the	original	ridge	
through	gradual	removal	of	mined	material	(e.g.	by	extracting	small	elevations	of	
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hard	rocks	in	quarries,	or	sand	dunes	in	sand	pits)	and	filling	natural	depressions	
with	deposits	(in	shallow	basins	and	the	ends	of	small	valleys	and	ravines).

The	resulting	mining	landforms	are	subject	to	the	developmental	cycle	(Kirchner,	
Smolová	2010)	or	the	geomorphological	cycle	of	the	mining	landscape	(Sütö	2010),	
when	a	new	balance	of	the	anthropogenic	landform	with	local	conditions	is	gradu-
ally	established	by	exogenous	 factors.	 In	 this	way,	evolution	stages	of	objects	
of	a	given	type	are	created,	from	fresh	through	disturbed	to	decomposed	ones.	
Erosion	and	denudation	slope	processes,	pedogenesis	and	biota	in	the	context	of	
local	moisture-temperature	conditions	contribute	to	the	destruction	of	the	original	
shape.	While	in	the	past	various	legislative	measures	recommended	or	directly	re-
quired	the	removal	of	modern	mountain	reliefs	by	regenerating	the	“pre-mining”	
state,	now	there	are	increasing	requirements	for	their	integration	into	the	current	
landscape	by	revitalization	due	to	their	undeniable	environmental	value	(Dávid	
2010)	or	as	evidence	of	technical	heritage	in	a	post-industrial	landscape	(Kolejka,	
Klimánek	2012),	and	some	of	their	parts	can	even	develop	spontaneously	(Lednyev	
et	al.	2020,	Pešout,	et	al.	2021).	So	far,	this	issue	has	been	addressed	differently	
in	different	countries	around	the	world.	In	principle,	however,	there	is	currently	
pressure	everywhere	to	regenerate	the	affected	areas,	at	least	regarding	recent	
mining	forms	of	relief,	especially	if	they	are	a	source	of	environmental	degradation	
(Kaidanova	et	al.	2018).	In	some	places	(often	to	the	displeasure	of	local	organiza-
tions	and	residents	and	some	conservation	circles)	the	old,	stabilized	forms	from	
the	time	of	industrial	society	are	being	removed.	Nevertheless,	large	areas	affected	
by	mining	still	do	not	have	the	attention	of	the	administration	nor	the	public.	The	
reason	is	usually	the	remoteness	of	such	areas	from	settlement	centres.	These	also	
include	numerous	localities	in	Siberia,	some	of	which	are	famous	for	ancient	and	
contemporary	gold	mining,	especially	the	unmissable	traces	of	placer	gold	mining.

3. Study aims and research methodology

At	present,	great	attention	is	generally	paid	to	the	industrial	and	mining	forms	of	
anthropogenic	relief	in	the	scientific	community.	The	forms	created	by	industrial	
placer	gold	mining	are	not	discussed	in	the	professional	literature	practically	at	all,	
although	it	can	be	assumed	that	in	the	course	of	this	form	of	gold	mining	huge	vol-
umes	of	material	are	being	displaced,	which	undoubtedly	involves	the	emergence	
of	appropriate	anthropogenic	relief	forms.	The	formation	of	such	forms	is	related	
to	the	topography	of	the	deposit	location,	the	nature	of	the	material	transferred,	
the	technology	used	to	extract	the	raw	material	and	the	storage	of	processed	rock,	
but	also	to	the	overall	organization	of	work	and	the	legislative	environment	of	the	
country	where	gold	is	mined.	The	reasons	for	the	entirely	peripheral	research	posi-
tion	of	these	forms	of	relief	may	be:	(1)	it	is	an	economically	and	environmentally	
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sensitive	topic	associated	with	the	possible	lack	of	interest	of	miners	in	publicity;	
(2)	localization	of	mining	in	usually	remote	areas	with	harsh	natural	conditions	
and	poor	accessibility;	(3)	limited	possibilities	of	spending	time	in	mining	areas.

The	main	objective	of	this	paper	is	to	provide	readers	with	interesting	knowl-
edge	about	specific	anthropogenic	landforms	from	one	of	the	most	important	
world	gold	mining	areas,	which	is	Eastern	Siberia	in	Russia.

The	specific	research	objectives	are	the	following:
1.	 Presentation	of	the	issue	of	industrial	placer	gold	mining	in	Siberia	in	the	world	

thematic	context	according	to	the	literature	review.
2.	 Acquisition	of	photographic,	drawing	and	map	documentation	of	selected	typi-

cal	examples	of	anthropogenic	relief	forms	created	during	industrial	placer	
gold	mining	in	the	research	areas	visited.

3.	 If	possible,	to	explain	the	origin	of	selected	forms	and	compare	them	with	
the	results	of	analogous	gold	mining	elsewhere	in	the	world,	and	to	assess	the	
uniqueness	of	the	landforms	identified.

The	research	methods	used	were	subordinated	to	the	stated	objectives:
1.	 Study	of	available	literature	on	the	topic	(it	should	be	noted	that	the	author	did	

not	find	any	publications	that	focus	on	anthropogenic	relief	shapes	associated	
with	industrial	(large-scale)	placer	gold	mining.).

2.	 Carrying	out	field	research	in	the	visited	gold-bearing	fields	in	Siberia,	asso-
ciated	with	the	acquisition	of	relevant	documentation.	Partial	methods	used	
included:	 taking	photographs	of	 relief	 forms,	 creating	 terrain	 sketches	of	
studied	forms,	determining	the	dimensions	of	objects	–	a	qualified	estimate	
by	comparison	with	the	average	height	of	persons	and	machines	and	measuring	
using	the	band	meter,	observing	the	process	of	genesis	of	observed	forms	where	
possible	(the	process	was	underway).

3.	 As	part	of	the	indoor	research,	the	image	material	acquired	in	the	field	(photo-
graphs	and	sketches)	was	analyzed,	the	identified	shapes	were	classified	into	
types	and	a	description	of	them	was	performed.

4.	 Visual	interpretation	of	the	published	color	satellite	image	(with	ground	reso-
lution	approx.	10	m)	on	screen	connected	with	the	compilation	of	a	detailed	
map	of	the	surface	of	the	selected	visited	gold-bearing	field	in	ArcView	GIS	
with	the	support	of	photographs	taken	in	the	field.	Photographs	and	drawings	
of	representative	examples	of	landforms	associated	with	local	gold	panning	
were	taken	in	the	mapped	area.	These	are	captured	on	a	processed	satellite	
image.	Landforms	of	the	same	types	were	identified	from	the	image	on	the	
basis	of	analogous	visual	expressions.	The	used	color	satellite	image	is	pub-
lished	without	further	details	(technical	parameters)	on	the	Mapy.cz	server.	
Topographic	maps	at	a	scale	of	1:200,000	were	available	for	rough	orientation	
in	the	field.
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5.	 Visual	comparison	of	studied	relief	 forms	identified	in	Siberia	with	forms	
created	during	industrial	placer	gold	mining	elsewhere	in	the	world.	In	fact,	
a	comparison	was	made	with	the	processes	taking	place	in	the	Yukon	Territory	
in	Canada	with	generally	similar	natural	conditions	and	documented	quite	
exceptional	literary	sources	(these	are	focused	on	the	technological,	economic	
and	geological	side	of	mining,	but	with	a	rich	photographic	accompaniment	to	
identify	related	anthropogenic	landforms).

Field	research	took	place	through	a	personal	visit	to	the	golden	fields	on	the	rivers	
Olchan,	Inyali,	Nera,	Susuman,	Pautovaya,	Tuora-Tas	and	Ola.	Field	research	could	
be	carried	out	only	where	the	author	could	travel	by	available	means	of	transport,	
especially	off-road	vehicles	with	high	throughput.	Part	of	the	studied	localities	is	
located	within	reach	of	the	Yakutsk-Magadan	highway,	from	which	it	was	possible	
to	reach	the	monitored	landforms	on	foot.

The	actual	methodological	procedure	at	the	site	included:
1.	 Searching	 for	 a	representative	 specimen	of	 a	given	 type	of	 anthropogenic	

landform.
2.	 Observation	of	the	landform	and	identification	of	its	characteristic	parameters	

(overall	appearance,	possible	microforms,	size,	estimation	or	measurement	of	
its	size).

3.	 Acquisition	of	a	terrain	sketch	of	the	selected	object	at	the	optimal	viewing	
angle	to	capture	the	characteristic	appearance.

4.	 Taking	photographs	of	the	object(s),	optimally	also	from	several	sides,	in	order	
to	document	the	details	of	the	surface	and	place	it	in	a	wider	area.

5.	 Acquisition	of	photographs	capturing	the	overall	appearance	of	the	studied	
gold-bearing	field.

6.	 Wherever	possible,	the	formation	process	of	landforms	was	observed	during	
mining	or	accompanying	activities	(moving	and	storing	material,	riverbed	
modifications,	etc.).

7.	 After	the	end	of	the	working	day,	the	collected	material	was	selected	in	order	
to	preserve	the	documentation	of	representative	forms	of	the	relief.

The	indoor	part	of	the	research	took	place	both	in	the	visited	region	(Republic	of	
Sakha,	Magadan	Region)	at	the	university	workplace	(internet	workplace,	per-
sonal	office)	and	at	the	home	workplace	in	Czechia	(Masaryk	University,	Institute	
of	Geonics	AS	CR).

Indoor	research	included:
1.	 Evaluation	of	collected	field	material	and	selection	of	representative	images	of	

identified	anthropogenic	landforms.
2.	 Searching	 for	visual	documentation	 from	similar	gold	mining	 in	a	similar	

natural	environment	in	available	literary	sources.
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3.	 Classification	of	detected	shapes	into	known	classifications	(active,	fresh	and	
degraded	shapes;	convex,	concave	and	planar	shapes).

4.	 Creation	of	sample	image	documentation	describing	the	identified	specific	
anthropogenic	landforms	in	the	studied	gold-bearing	fields.

5.	 Visual	interpretation	of	the	satellite	image	covering	one	of	the	gold-bearing	
fields	where	the	field	survey	was	conducted.	The	mapping	of	the	forms	of	the	
relief	according	to	the	given	satellite	image	in	this	area	was	suitably	based	on	
the	graphical	documentation	taken	in	the	field.	The	result	is	an	original	map	of	
anthropogenic	landforms	of	a	gold-bearing	field	studied	in	detail.

6.	 Compilation	of	text	documentation	for	the	research.

4. Gold mining in Siberia

Gold	has	been	mined	in	Siberia	since	the	Middle	Ages	(Nosovskiy,	Fomenko	2015).	
It	was	often	a	surface	collection.	Industrial	mining	spread	mainly	in	the	early	20th	
century	in	the	Lena	gold	fields	in	the	Patom	Highlands	on	the	border	of	the	eastern	
edge	of	the	present	Irkutsk	Kray	(Region)	and	the	Zabaykalsky	Region	near	the	
town	of	Bodaybo	on	the	River	Vitim,	a	tributary	of	the	Lena	River.	Mining	was	
carried	out	there	by	the	Russian-British	company	Lenzoloto	(Lena	Goldfields	Ltd.,	
originally	a	private	company	founded	in	Irkutsk	in	1882).	It	became	infamous	
in	1912,	when	it	called	in	the	army	to	suppress	a	workers’	strike,	killing	several	
hundred	strikers.	Subsequent	modernization	using	new	machines	from	the	USA	
was	launched	by	an	order	in	1917,	but	before	their	delivery,	the	company	was	na-
tionalized	in	1918	(and	then	re-established	in	1992).

The	industrialization	of	the	Soviet	Union	in	the	1920s	and	1930s	was	seen,	
among	other	things,	 in	the	purchase	of	modern	technologies,	especially	from	
the	USA,	the	UK,	Czechoslovakia	and	Germany.	The	Soviet	Union	also	paid	with	
raw	materials,	mainly	gold.	The	prospecting	of	gold	deposits	was	thus	one	of	the	
key	tasks	of	the	academic	sphere.	In	the	1920s,	the	future	academic	geologist	
and	geographer	Vladimir	Afanasyevich	Obruchev	became	famous	in	this	area.	
Mainly	thanks	to	him,	gold	fields	in	North-eastern	Siberia	in	the	Indigirka	and	
Kolyma	river	basins	became	well	known.	Their	opening	is	traditionally	associ-
ated	with	the	forced	labour	of	millions	of	political	and	criminal	prisoners	in	the	
Gulag	(Glavnoye	Upravleniye	Lagerey	–	Main	Directory	of	Camps)	camp	network.	
Their	importance	increased	even	more	during	World	War	II	and	after,	when	it	
was	necessary	to	cover	the	costs	of	supplies	of	weapons,	vehicles,	aircraft	and	
especially	rear	equipment	under	the	Lend-and-Lease	Act	of	1941	(von	Fenstein	
2009).	These	supplies,	especially	the	armaments	industry,	which	soon	exceeded	
the	production	of	Nazi	Germany,	kept	Soviet	transportation	going.	In	total,	the	
USSR	received	material	worth	11.3	billion	then	US	dollars	(for	comparison,	Great	
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Britain	31.4	billion,	France	3.2	billion,	China	1.6	billion,	other	states	2.6	billion,	
of	which	Czechoslovakia	0.6	billion).	This	huge	loan	was	gradually	repaid	with	
many	commodities,	including	gold,	platinum,	precious	metals,	etc.	(Hart	2020).

The	pressure	to	expand	gold	mining	did	not	subside	even	after	the	victory	
over	Nazi	Germany	and	militaristic	Japan.	During	the	Cold	War	and	the	centrally	
controlled	economy,	large	parts	of	the	national	budget	for	arms	production,	the	
armed	forces	and	the	repressive	apparatus	kept	going.	These	measures	caused	an	
outflow	of	labour	power	from	both	industry	and	agriculture	to	socially	inefficient	
sectors.	The	USSR	became	the	world’s	largest	food	importer.	Due	to	the	deepening	
technological	lag	behind	the	world,	it	was	necessary	to	purchase	licenses	for	more	
progressive	products.	The	number	of	these	purchases	that	were	paid	for	in	gold	can	
hardly	be	traced	for	the	time	being.	However,	the	funds	have	had	to	be	traced	in	the	
state’s	economy	and	it	can	be	assumed	that	precious	metals	formed	a	significant	
item	in	them.	The	current	Russia	devotes	extensive	resources	to	the	prospecting	
and	mining	of	mineral	wealth.	Large	volumes	are	exported	with	relatively	little	
added	value.	Gold	mining	is	widely	supported	by	the	state,	but	it	faces	a	number	
of	regulations	and	formal	restrictions.	Mining	is	controlled	by	several	companies	
in	the	hands	of	Russian	and	some	foreign	owners	(Farand	2018,	Burges	2015).	
However,	many	other	companies	and	individuals	work	in	the	field	seasonally.	In	
total,	individuals	collect	approx.	250−300	kg	of	gold	per	year	for	obligatory	pur-
chase	by	the	state,	for	example	in	the	Magadan	Region.	Mining	units	with	an	area	
of	15	ha	are	leased	for	5	years	and	are	worked	for	about	3	months	a	year.	Explosives	
are	prohibited	and	the	areas	can	only	be	dug	to	a	depth	of	5	m.	Foreigners	are	not	
allowed	to	participate	in	small-scale	mining.

5. Gold fields in North-eastern Siberia

Eastern	Siberia	is	the	area	east	of	the	Yenisei	up	to	the	watershed	of	rivers	flowing	
into	the	Pacific	Ocean.	In	the	current	administrative	division	of	Russia,	Northeast	
Siberia	is	represented	in	the	Far	Eastern	Federal	District	No.	VIII	by	the	Republic	
of	Yakutia	(Sakha).	The	other	administrative	units	of	this	region	belong	to	the	
traditional	Far	East	region	(see	Brodko,	ed.	2007).	Historically,	however,	the	whole	
region	was	considered	part	of	Siberia.	Gold	fields	are	found	mainly	in	Yakutia,	
the	Magadan	Region	and	the	Chukotka	Autonomous	Okrug	(Region),	and	only	
marginally	in	the	Amur	Region	and	in	the	Khabarovsk	and	Kamchatka	Regions	
(Fig.	1).	Their	common	feature	is	their	position	in	complicated	geological	condi-
tions	(for	deep	and	shallow	deposits)	and	generally	in	their	harsh	environment	for	
humans.	The	interaction	of	relief	and	atmosphere,	land	and	ocean	manifests	itself	
in	a	special	way	here.	A	huge,	high	air	pressure	level	builds	up	over	the	Lena,	Yana,	
Indigirka	and	Kolyma	river	basins	in	the	winter.	The	descending	cold	air	cools	the	
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deep	valleys	and	especially	the	elevated	inter-mountain	basins	and	basins	under	
intense	radiation	under	a	cloudless	sky	by	nights.	The	average	January	tempera-
tures	with	low	snow	cover	(around	10	cm)	drop	to	−50	°C	and	below	while	in	the	
surrounding	mountains	it	can	be	up	to	15	°C	warmer.	On	the	shores	of	the	Arctic	
Ocean,	it	is	on	average	up	to	20	°C	warmer	in	January;	in	a	narrow	strip	along	the	
Sea	of	Okhotsk	about	it	is	30−35	°C	warmer.	These	conditions	mean	a	thick	layer	of	
permafrost	is	maintained	(sometimes	up	to	1,600	m);	the	active	layer	with	seasonal	
melting	of	soil	ice	thus	reaches	a	few	metres	(1–3	m),	and	only	during	humid	rainy	
years.	Permafrost	acts	as	an	impermeable	ground.	Even	relatively	low	summer	
cyclonic	and	storm	rainfall	(400–500	mm	per	year,	most	in	summer)	thus	drains	

Fig. 1 – Gold-bearing fields in the Far East Region of the Russian Federation. Federal Units: 1 – Sakha 
Republic (Yakutia), 2 – Magadan Oblast, 3 – Chukotka National Okrug, 4 – Kamchatka Krai, 5 – Amur 
Oblast, 6 – Khabarovsk Krai, 7 – Sakhalin Oblast, 8 – Jewish Autonomous Oblast, 9 – Primorsky Krai; 
Rivers: 10 – Angara, 11 – Yana, 12 – Indigirka, 13 – Kolyma, 14 – Anadyr, 15 – Amur. Source: own pro-
cessing based on set of maps.
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Fig. 2 – Model of genesis of primary and secondary gold deposits in the Upper Indigirka and Kolyma 
river basins. A – smoothed Cretaceous surface on Paleozoic shales; B – tectonic disruption of the 
Earth’s crust at the beginning of the Paleogene; C – differentiated vertical shift of the Earth crust 
blocks with magma intrusion into faults and mineralization (metalogenesis) zone formation at the 
contact of shales and magmatic bodies; D – tectonic and erosion rejuvenated relief with primary gold 
deposits in the zone of mineralization; E – gently undulated relief as a product of intensive denuda-
tion, exhumation of ore seams leads to gold deposits “in situ” in weathering products; F – rejuvenation 
of the relief by selective erosion with the formation of “in situ” deposits and secondary sedimentary 
deposits; G – selective erosion-exposed resistant igneous formations with the removal of “in situ” 
deposits and formation of sedimentary gold deposits; H – frost weathering and cryoplanation led to 
development of tors (kyzylyakhs) on tops of magmatic bodies and to the repeated formation of sec-
ondary sedimentary gold deposits in floodplain sediments and river terraces. Source: own processing.



42 GEOGRAFIE 127/1 (2022) / J. KOLEJKA

off	the	surface	or	accumulates	in	depressions	and	in	relatively	warm	weather	
(with	air	temperatures	well	above	+30	°C)	it	promotes	the	formation	of	mosquito	
clouds	and	other	insects,	often	in	still	air.

Harsh	environmental	conditions	make	it	difficult	for	gold	bearings	to	become	
accessible.	With	the	exception	of	the	main	road	Yakutsk-Magadan	(which	includes	
segments,	especially	in	the	Magadan	Region,	keeping	world	standards)	and	sev-
eral	branches,	or	parallel	branches,	land	transport	takes	place	on	partially	paved	
roads,	locally	on	a	soil	surface,	and	on	riverbeds,	especially	with	heavy	trucks	
(fuels,	supplies,	machinery,	building	materials),	or	off-road	trucks	of	the	Ural	type.	
Watercourses	have	bridges	in	only	a	few	places,	and	they	usually	cross	modified	
fords	to	a	depth	of	up	to	about	1.0−1.5	m.	The	working	season	varies	from	place	
to	place	depending	on	availability	and	lasts	for	a	maximum	of	May	to	September,	
but	usually	only	for	3	months.

Active	deposits	are	traditionally	of	two	types:	primary	at	the	sites	of	mineraliza-
tion,	and	secondary	at	the	sites	of	accumulation	of	transferred	gold	corns	(Fig.	2).	
Typical	examples	of	primary	deposits	are	represented	by	mineralization	at	the	
points	of	contact	of	young	intrusions	with	older	rocks,	most	often	of	Mesozoic	age	
(Triassic,	Cretaceous),	and	only	locally	of	Palaeozoic	(Permian)	or	Precambrian	age	
(Aldan	shield).	Due	to	the	fact	that	igneous	rocks	are	more	resistant	to	weathering	
than	older	shales,	the	areas	of	mineralization	were	exposed	by	selective	weather-
ing	and	chipped	away;	weathering	of	contact	zones	in	gold-containing	seams	led	
to	material	relocation	and	deposition	in	relatively	close	proximity	to	the	source.	
It	was	later	reactivated	and	transferred	downstream	again.	Original	magmatic	
intrusions	were	exposed	and	highlighted.	Rock	groups	of	the	tors	type,	locally	
called	kyzylyakh,	were	then	formed	by	frost	weathering.	To	some	extent	these	
are	indicators	of	both	primary	and	secondary	gold	deposits	in	the	neighbourhood.

6. Selected anthropogenic landforms originated during industrial placer 
gold mining in North-eastern Siberia

The	author	of	this	paper	had	the	opportunity	to	visit	the	gold	fields	in	North-
eastern	Yakutia	and	in	the	Magadan	Region	of	Russia	repeatedly	between	2010	
and	2018.	The	field	research	took	a	total	of	about	5	weeks	and	the	author	carried	
it	out	as	an	official	foreign	member	of	international	student	research	expeditions	
organized	by	the	North-Eastern	Federal	University	in	Yakutsk.	The	starting	point	
was	the	town	of	Ust-Nera	on	the	Indigirka	River	and	the	area	of	interest	extended	
north	to	the	Inyali	River	in	the	Cherski	Mountains,	south	to	Oymyakon.	The	west-
ern	edge	coincided	with	the	foothills	of	the	Verkhoyansk	Mountains	in	relation	to	
the	Yakut	Plateau	and	the	eastern	edge	with	the	coast	of	the	Sea	of	Okhotsk	in	the	
wider	vicinity	of	the	City	of	Magadan.	The	observations	mostly	focused	on	mining	
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sites	in	river	valleys	in	the	upper	parts	of	the	Indigirka	and	Kolyma	river	basins.	
Just	the	visited	areas	with	the	remains	of	placer	gold	and	the	areas	of	its	recent	
mining	occupy	several	tens	of	square	kms	with	a	huge	number	of	anthropogenic	
landforms.

By	far	the	most	numerous	remnants	and	at	the	same	time	a	manifestation	of	
active	industrial	placer	gold	mining	are	terraced	semi-arched	heaps	(“stepped	
half-craters”)	with	a	stepped/terraced	slope	arrangement	on	the	inside	of	the	arch	
(Fig.	3).	The	range	of	these	arcs	generally	varies	between	80°	and	210°.	Most	often	
it	is	around	1/3	of	a	circle.	The	heights	of	the	steps	vary	between	2	and	5	metres	
and	the	width	is	similar.	The	vast	majority	are	arches	open	to	the	southern	sec-
tor.	The	placer	machine	–	wash-plant	–	is	placed	on	a	gradually	increasing	arch	
top.	Gold-bearing	material	is	transported	into	it	from	the	outside.	The	working	
water	is	pumped	from	the	nearest	water	reservoir	(usually	excavated	pits	filled	
from	the	aquifer	in	the	alluvium	of	the	river)	and	is	fed	through	the	pipeline	
from	the	convenient	side.	The	washed	material	goes	under	the	machine,	from	
where	it	is	poured	around	the	conveyors	until	it	forms	a	stepped	arcuate	wall.	
The	used	sludge	water	flows	out	of	the	arch	due	to	gravity	and	the	sludge	settles	
in	excavated	or	fenced	tanks.	It	is	forbidden	to	discharge	turbid	water	directly	
into	a	watercourse	or	other	natural	water	object.	Relatively	large	fields	of	these	
landforms,	existing	in	various	stages	of	genesis	and	destruction,	originate	in	this	
way.	In	the	immediate	vicinity	of	the	wash-plant,	there	is	a	mining	pit	for	the	raw	

Fig. 3 – “Stepped half-craters”, or semi-arched heaps with a stepped slope arrangement on the 
inside of the arch. Because of the perspective character of a drawing, the approximate scale is 
applicable in the central position of the front part of the object only, applicable also in Figures 
4, 5, 6, 7, 8 and 9. Source: own processing based on own photography.
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material.	This	will	eventually	become	a	sludge	tank.	Thus,	around	the	stepped	
arched	heaps	(“stepped	half-craters”),	a	very	varied	relief	is	created	in	the	origi-
nally	flat	floodplain.	Reclamation	can	then	occur	only	after	a	long	period	of	time	
through	planation	of	the	heaps	and	filling	up	the	depressions.	By	comparison,	
wash	plants	also	operate	on	gold	fields	in	the	Yukon,	Canada,	but	there	are	washed	
sands	from	a	machine	dump	located	essentially	at	the	level	of	the	surrounding	
terrain	scattered	into	pointed	cones	using	the	stacked	tailings	that	levelled	after	
the	season	(van	Loon	2019).	Washed	sands	are	also	loaded	onto	vehicles	with	con-
veyors	and	transported	to	the	storage,	or	directly	levelled	to	the	final	terrain	(Bond,	
van	Loon	2017).	Semi-arched	heaps	occur	in	the	gold-bearing	fields	of	Siberia	in	
various	sizes	(with	a	height	of	several	metres	to	a	maximum	of	about	25	m),	but	
they	were	not	observed	in	the	Yukon.

Heaps	in	the	form	of	cones,	either	pointed	(Fig.	4)	or	truncated	(Fig.	5),	occur	
significantly	less.	Pointed	cones	are	formed	by	pouring	tailings	on	long	conveyor	
belts.	These	are	unlike	the	Klondike	in	the	Yukon,	Canada	(van	Loon	2019).	In	
Siberia,	there	is	plenty	of	space	available	on	usually	wide	valley	bottoms	in	mid-
mountain	conditions,	which	the	mountain	conditions	of	the	Rocky	Mountains	
do	not	offer,	so	the	cones	are	low,	with	slightly	inclined	slopes	and	many	of	them	
are	also	formed	by	bulldozers	from	below.	Truncated	cones	are	formed	through	
loading	from	trucks	from	above.	The	loading	route	has	a	very	slight	gradient,	

Fig. 4 – Pointed asymmetric cone. Source: own processing based on own photography.
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so	that	the	cone	is	asymmetrical	in	terms	of	inclination.	It	is	common	for	these	
truncated	asymmetrical	cones	to	“turn”	into	table	heaps.	This	applies	especially	to	
landforms	from	older	periods,	when	modern	panning	machines	were	not	available	
and	streams	of	water	were	flowing	into	wooden	troughs,	where	excavators,	loaders	
or	dumpers	poured	material	for	washing,	were	more	often	used	to	wash	the	pay	
gravel.	This	procedure	was	simpler	and	cheaper,	but	the	efficiency	was	lower.	In	
many	cases,	these	heaps	are	mined	and	washed	again.	Many	of	them	are	over-
grown	with	forest.	In	the	places	where	gold-bearing	material	is	found,	a	chaotic	
relief	of	convex	and	concave	landforms	is	created	on	the	valley	bottoms,	while	
artificial	elevations	of	all	types	give	the	landscape	its	character.	The	pointed	cones	
are	less	represented	in	Siberia;	they	are	usually	low	(only	5−15	m),	in	contrast	to	
the	cones	formed	during	coal	mining,	and	the	originally	sharp	shapes	are	soon	
disturbed	by	natural	processes.	On	the	contrary,	table	heaps	reach	considerable	
sizes	(up	to	several	hectares	at	heights	up	to	15	m).	The	higher	and	sharper	pointed	
cones	are	cleared	in	the	Yukon	soon	after	mining.

In	narrow	sloping	valleys	in	higher	(mountain)	terrain	(not	only),	industrial	
spoil	heap	fields	are	created	(Fig.	6).	They	consist	of	ramparts	of	washed	and	
unsorted	material	poured	perpendicular	to	the	valley	axis.	The	water	flow	is	thus	
pushed	out	to	one	edge	of	the	valley	floor.	The	loading	of	the	ramparts	proceeds	
from	the	upper	part	of	the	valley.	The	slope	of	the	rampart	down	the	valley	is	
steep	whereas	the	slope	of	the	rampart	up	the	valley	is	gentler	and	is	created	by	
the	accumulation	of	washed	material	by	machines.	The	machines	access	these	
sloping	terraced	steps	at	the	other	edge	of	the	valley.	The	raw	material	is	mined	

Fig. 5 – Truncated cone. Source: own processing based on own photography.
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by	retreating	up	the	slope	of	the	valley.	Parallel	rampart-like	dykes	of	industrial	
spoil	heap	fields	also	cover	artificial	gentle	slopes	in/over	alluvium	(see	Fig.	10).	
Industrial	spoil	heap	fields	divided	into	low	parallel	ridges	cover	large	areas	in	
Siberia,	especially	in	wide	floodplains	(up	to	several	hectares	at	altitudes	up	to	
15	m).	They	do	not	occur	in	the	Yukon.

The	negative	landforms	created	during	industrial	placer	gold	mining	in	the	
studied	areas	in	Siberia	are	basically	of	four	types.	Mining	pits	are	directly	related	
to	mining,	usually	with	an	irregular	floor	plan,	depending	on	how	the	gold-bearing	
sediment	is	removed	in	the	leased	area	(claim).	The	bottom	of	the	pits	is	above	the	
groundwater	level	in	the	talik	of	the	floodplain.	In	Canada,	mining	extends	below	
this	level	using	floating	dredgers	(Bond,	van	Loon	2016).	If	mining	takes	place	in	
permafrost,	the	mining	pit	resembles	a	pit	quarry	with	vertical	edge	walls	(Fig.	7).	
Due	to	the	action	of	warm	air,	the	material	melts	and	falls	off	at	the	foot	of	the	
walls,	from	where	it	is	taken	by	the	loader	and	transported	to	the	wash-plant.	In	
the	gold	fields	of	the	Yukon,	the	process	of	melting	frozen	ground	is	accelerated	
by	washing	with	water	from	nearby	water	sources	(Bond,	van	Loon	2017).	These	
landforms	are	abundant	in	Siberia	and	differ	from	similar	shapes	in	the	Yukon,	
usually	with	a	straight	wide	front	due	to	their	formation	at	the	edges	of	wide	
valleys.

Water	for	panning	is	most	often	pumped	from	a	small	round	(although	this	is	not	
a	condition)	pit	with	a	surface	hydraulically	connected	to	the	groundwater	level,	or	
from	excavated	basins	occupying	the	lowest	position	in	the	mined	area	(e.g.	above	

Fig. 6 – Industrial spoil heap field in a narrow mountain valley. Source: own processing based 
on own photography.
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Fig. 7 – Mining pit in permafrost with vertical edge walls. Source: own processing based on 
own photography.

Fig. 8 – A regularly designed mining pit in the newly mined deposit. Source: own processing 
based on own photography.
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the	permafrost).	In	both	cases,	there	are	many	places	where	gold-bearing	sedi-
ment	has	already	been	mined.	Rarely	are	these	water	sources	deeper	than	1.5	m.	
If	these	sources	are	active,	a	pump	is	located	on	an	elevated	spot	above	the	deeper	
water.	Sludge	tanks	are	artificially	constructed	in	the	elevated	position	above	the	
groundwater	level.	These	are	often	additionally	modified	mining	pits	on	a	perme-
able	ground,	so	that	the	material	of	the	bottom	and	slopes	allows	the	filtration	of	
turbid	water	and	its	outflow	into	the	surroundings.	It	is	a	fact	that	sludge	tanks	
accompany	newly	opened	mining	pits	(Fig.	8).	Their	construction	is	a	condition	
for	the	approval	of	mining	by	the	environmental	protection	authority.	Previously,	
turbid	water	was	discharged	anywhere,	but	in	some	places	the	protection	of	fish	
in	streams	was	respected	and	the	water	was	at	least	temporarily	retained	in	the	
excavated	pits,	from	where	it	leaked	or	overflowed	into	the	stream,	depending	on	
the	inflow.	Extensive	excavated	areas	(continuous	areas	up	to	tens	of	hectares)	are	
usually	left	to	their	fate	in	Siberia,	including	newly	created	lakes.	In	the	Yukon,	
mining	pits	are	loaded	with	tailings	during	mining.	The	last	significant	landforms	
associated	with	mining	are	already	indirect	–	they	are	artificial	riverbeds	(Fig.	9).	
They	served	to	divert	the	flow	from	the	active	mining	area,	to	protect	it	from	large	
amounts	of	water,	but	usually	to	reduce	the	groundwater	level,	so	that	the	collec-
tion	of	gold-bearing	material	could	take	place	using	conventional	techniques	from	
the	greatest	possible	depth.	In	this	way,	the	riverbeds	of	important	and	water-rich	
streams	were	modified,	such	as	the	Nera	River	and	Olchan	River	–	tributaries	of	

Fig. 9 – Artificial riverbed with a dam on the opposite bank. Source: own processing based on own 
photography.
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the	upper	Indigirka	course	–	up	to	several	kilometres	long.	The	new	riverbeds	in	
Siberia	are	left	to	spontaneous	development.	In	the	Yukon,	there	is	a	clear	effort	
to	restore	the	terrain	to	its	original	condition	before	mining.

7. Discussion

The	different	use	of	mining	technology	in	Siberia	compared	to	the	Yukon,	as	well	
as	the	different	management	of	deposits	after	the	end	of	panning,	has	led	both	to	
the	emergence	of	completely	or	partially	different	montane	shapes	of	anthropo-
genic	relief	as	well	as	to	different	futures.	This	applies	especially	to	recent	forms	
whose	genesis	is	active	or	has	recently	ended.	In	Siberia,	like	elsewhere	in	Russia,	
relatively	strict	laws	apply	to	the	management	of	the	site	after	mining	closure.	
Miners	are	obliged	to	regenerate	the	area.	This,	of	course,	applies	to	current	active	
mining.	However,	large	areas	are	affected	by	mining	taking	place	in	the	period	
before	 the	enforcement	of	 the	relevant	environmental	 laws.	There,	 it	will	be	
very	difficult	to	enforce	reclamation	if	it	is	a	matter	of	clearing	traces	of	mining	
activities.	A	rough	estimate	in	the	upper	Indigirka	and	Kolyma	river	basins	will	
be	hundreds	of	square	kilometres	of	heap	complexes	and	mining	pits	(Fig.	10),	
where	mining	has	taken	place	in	various	forms	since	1934.	The	eradication	of	
mining	traces	is	practically	out	of	the	question	and	seems	counterproductive	
in	many	respects.	There	are	two	groups	of	reasons	for	leaving	abandoned	areas	
to	spontaneous	development.	On	the	one	hand	it	is	a	new	type	of	environment	
with	significantly	higher	geodiversity	(and	subsequently	biodiversity)	than	the	
original	far	less	rugged	and	diverse	valley	floor,	while	on	the	other	hand	it	is	
a	remarkable	type	of	natural	and	technical	heritage	that	is	worth	preserving	or	
at	least	spontaneously	including	in	local	“cultural”	landscapes.	In	Canada	and	
Alaska,	many	previous	areas	of	gold	mining	are	still	of	public	interest	and	are	
tourist	destinations.	Given	that	part	of	the	former	and	current	gold-bearing	fields	
were	quite	accessible	by	relatively	high-quality	roads,	a	similar	perspective	can	
be	considered	in	Siberia.

From	a	professional	point	of	view,	it	can	be	stated	that	the	spatial	distribution	of	
anthropogenic	landforms	on	the	gold	fields	of	Siberia	and	the	Yukon	is	completely	
chaotic,	as	it	resulted	from	the	needs	of	mining.	From	the	available	literature	de-
scribing	the	site	in	the	Yukon,	it	can	be	deduced	that	the	local	landforms	(convex	
and	concave,	terrestrial	and	water)	are	more	numerous	in	number,	and	smaller	
in	area	and	volume	than	in	Siberia,	which	means	a	more	diverse	post-industrial	
landscape,	but	with	less	visual	impact	on	potential	observers	(if	they	do	not	have	
the	opportunity	to	observe	the	landscape	from	above).	Their	typological	diver-
sity	is	also	smaller	–	after	small	mining,	table	heaps,	residual	pits	with	water,	
horseshoe-shaped	dikes	with	a	water	pit	in	the	middle,	pointed	cones	and	ridges	
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with	an	irregular	circumference	predominate	(van	Loon	2019).	 In	the	visited	
Siberian	gold	fields,	large-scale	landforms	predominate,	significantly	exceeding	
their	surroundings,	while	the	negative	landforms	represent	artificial	lakes	of	vari-
ous	shapes	and	sizes.	Among	them	are	relatively	large	flat	table	heaps	from	older	
placer	periods.	Terraced	semi-arched	heaps	(“stepped	half-craters”),	which	are	
visually	very	varied	in	relief,	significantly	predominate.	Most	of	them	are	fresh	
shapes	without	vegetation	cover,	but	the	beginning	of	aging	is	also	observable	on	
them	and	is	accompanied	by	erosion	of	exposed	top	arches,	edges	of	inner	terraces	
and	disruption	of	longer	outer	slopes.

Overgrowth	of	vegetation	(birches,	larch	trees)	begins	from	below,	usually	from	
the	banks	of	artificial	water	bodies.

In	the	future,	 it	 is	also	possible	to	anticipate	a	change	in	the	relatively	ex-
tensive	modifications	of	watercourses,	in	the	sense	of	their	gradual	clogging	of	
sediments	and	the	return	of	meanders,	islands	and	gravel	benches.	Thus,	other	
human-made	landforms	within	the	reach	of	watercourses	could	be	completely	
or	partially	removed.	Similar	semi-natural	processes	occur	to	a	limited	extent	in	
the	Yukon	deposits,	as	new	artificial	forms	are	usually	technically	smoothed	out	
after	the	season	(Bond,	van	Loon	2018)	and	only	in	an	abandoned	area	can	the	
effect	of	regulated	water	flow	apply	gradually	(so	as	not	to	endanger	mining	in	
the	neighbourhood	in	the	following	season).

8. Conclusion

In	Siberia,	industrial	(large-scale)	placer	gold	mining	affected	about	2/3	of	the	
duration	of	the	20th	century	and	continues	to	this	day.	It	has	always	relied	on	
sufficient	human	labour,	but	was	often	forced	to	function	without	personal	inter-
est	in	the	quality	of	the	work	performed.	Some	mechanization	and	systematiza-
tion	of	work	was	needed	from	the	beginning	due	to	the	mass	commitment	of	
the	workers.	The	later	release	of	human	labour	from	the	1960s	was	accompanied	
by	increasingly	sophisticated	and	efficient	mechanization	(in	some	places	the	
already	washed-out	deposits	were	re-mined).	Despite	the	relatively	short	period	of	
mining,	the	massive	deployment	of	people	and	later	machines	led	to	the	remodel-
ling	of	the	relief	of	large	areas	of	floodplains	and	valley	floors	with	small	and	
large	watercourses.	Undoubtedly,	a	large	part	of	them	will	become	a	permanent	
testimony	to	the	extensive	terrain	building	human	activity	in	the	harsh	natural	
environment,	and	in	Siberia	also	a	reminder	of	slave	labour	in	times	of	lack	of	
political	freedom,	as	well	as	technological	progress.	Research	into	these	areas	in	
terms	of	natural	and	human	sciences	is	only	beginning	to	develop	intensively.	The	
presented	paper	thus	offers	the	results	of	one	of	the	first	studies	of	the	relief	of	
gold-bearing	fields	of	Siberia.
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